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1. Introduction

This contribution is an extension of our earlier contribution ‎[1] (see Appendix). In which we proposed the following:

1. The performance of aggregated and per-point CSI measurement and reporting should be evaluated taking into account the Pros and Cons as listed in ‎[1].
2. Measurement and reporting of relative amplitude and phase for supporting CoMP JP should be considered.
3. Requirements for rank measurement/determination based on per-point and aggregated CSI measurement should be studied.

4. Impact of having different number of antenna ports at different transmission points should be considered in CoMP and geographically separated antennas.

In RAN1#66Bis the following working assumptions were agreed ‎[2]:

Working assumption:

· Standardise a common feedback/signalling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB. 

· Feedback scheme to be composed from one or more of the following, including at least one of the first 3 sub-bullets:

·  feedback aggregated across multiple CSI-RS resources 

·  per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback

·  per-CSI-RS-resource feedback

·  per cell Rel-8 CRS-based feedback 

The CSI feedback scheme of Rel. 10 in itself will likely be in adequate to realize the performance benefits provided by the new features in Rel. 11 to support CoMP. As a result further optimization and some new measurements and feedback information are needed. In this contribution we provide our view on general design principles that should be considered for the choice of CSI feedback as agreed in RAN1#66Bis.

2. Support of point measurements
It is desired to have a common feedback/signaling framework that can support different CoMP categories, namely; JT, DPS, and CS/CB. The configuration of CSI-RS is performed via RRC signaling, and hence is semi-static.  Thus, it makes sense to also semi-statically configure CoMP categories.  However, within a CoMP category, point selection may not necessarily be semi-static. A mismatch between the channel measurement and the transmission scheme may degrade the throughput and result in wasted capacity. One solution is to provide a CSI measurement that is matched to the choice of CoMP category. Another method to militate against wasted capacity is to provide common CSI that can be used differently under different CoMP categories, when point sets vary dynamically with time. 

Feedback aggregated across multiple CSI-RS resources is capable of providing the information for performing all CoMP categories. However, per-point/antenna-port measurement is needed to support DPS or CS/CB and a different measurement is needed to support CoMP JT. For example, in case of a system with two DL transmission points, two measurements (per-point) are needed to support DPS or CS/CB and one aggregated measurement is needed to support CoMP JT, a total of 3 CSI measurements/reports: whereas per-point CSI only requires two measurements and if coherent JT is desired a relative amplitude and phase report can be provided as needed.

Observation: per-CSI-RS-resource provides a more flexible use of resource and scalable feedback overhead.
In particular, given the interest in JT by companies, we believe that per-CSI-resource feedback specification should be privileged over aggregated feedback methods.  In Table 1 in the Appendix we compare per-CSI-resource feedback methods to aggregated feedback methods.  Although per-CSI-resource feedback methods may require more specification change, we believe that the benefits of such feedback methods justify the specification changes that are needed. 

On the question of inter-CSI-resource feedback, we believe it is important to allow the feedback/signaling framework to be able to accommodate improved performance that such feedback can provide; in particular, as we show in the Appendix, relative CSI measurements are able to provide benefits for coherent JT relative to non-coherent JT. 
Observation: availability of relative phase feedback and performing coherent JT improves the throughput over non-coherent JT.

Based on the above observations and discussion, we propose that RAN1 should adopt per-CSI-RS-resource with inter-CSI-RS-resource feedback as the baseline. 

3. Proposal
In this contribution we presented our views on issues related to CSI measurement and feedback, in particular we propose:

Proposal: RAN1 should adopt per-CSI-RS-resource with inter-CSI-RS-resource feedback as the baseline.
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Appendix

Aggregated vs. Per-point CSI

There are two types of CSI measurements/reporting proposed, namely; i) per-point CSI and ii) aggregate CSI. We analyzed Pros and Cons of two CSI measurements/reporting. However, depending on feedback information (i.e. rank/PMI or CQI), the benefit and drawback of each feedback type are different. In addition to that, the benefit and drawback analysis of each CSI measurements/reporting is highly depending on the transmission scheme.

Table 1: Aggregated vs. Per-point CSI feedback (rank/PMI)

	
	Aggregated rank/PMI feedback
	Per-point rank/PMI feedback

	Pros
	· Rel. 10 CSI aggregation can be used. In this case it does not require the specification changes in terms of reporting.
	· It allows flexible scheduling/transmission scheme, e.g. CS, CS/CB, DPS, Non-coherent/coherent JT (Relative information may be required in some transmission scheme)

	Cons
	· Coherent JT transmission is the main use case. 
	· It requires the specification changes.


Table 2: Aggregated vs. Per-point CSI feedback (CQI)

	
	Aggregated CQI feedback
	Per-point CQI feedback

	Pros
	· Rel 10 CSI aggregation can be used. In this case it does not require the specification changes in terms of reporting.
· For non-coherent/coherent JT, aggregated CQI is useful to determine the appropriate MCS.
	· For specific transmission scheme (e.g. CS, CS/CB, DPS), per-point CQI feedback works well.

	Cons
	· For a specific transmission scheme (e.g. CS, CS/CB, DPS), aggregated CQI feedback may not be appropriate to determine the appropriate MCS.
	· It requires  specification changes.

· For non-coherent/coherent JT, per-point CQI feedback may not be appropriate to determine the appropriate MCS.


Relative CSI Measurement and Report

As described in the above section, the required feedback feature depends on the transmission method. For example, some of the benefits of availability of relative CSI feedback in CoMP coherent joint transmission is shown in ‎[6]. A simple simulation shows that significant gain (1dB in the simulated scenario) can be achieved, by having 2 bits of feedback for reporting relative phase; the gain is depicted in Figure 1.
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Figure 1: Received SNR vs. Number of bits used for quantizing relative phase

Simulation assumptions are listed in table below.

Table 1: Simulation assumption used for generating Figure 1
	Parameter
	Values

	Bandwidth
	10 MHz

	Measurement BW
	1 RB

	Carrier Frequency
	2.0 GHz

	Channel model
	iid Rayleigh 

	Antenna Configuration
	2x2

	Receiver Type
	Linear MMSE 

	Channel estimation for DMRS & SRS
	Ideal 

	CoMP scheme
	Coherent and non-coherent JT
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